We present the ¢rst ¢ssion-track (FT) thermochronology results for the NW Zagros Belt (SW Iran) in order to identify denudation episodes that occurred during the protracted Zagros orogeny. Samples were collected from the two main detrital successions of the NW Zagros foreland basin: the Palaeocene^early Eocene Amiran^Kashkan succession and the Miocene Agha Jari and Bakhtyari Formations. In situ bedrock samples were furthermore collected in the Sanandaj-Sirjan Zone. Only apatite ¢ssion-track (AFT) data have been successfully obtained, including 26 ages and11track-length distributions. Five families of AFTages have been documented from analyses of in situ bedrock and detrital samples: pre-middle Jurassic at $171 and $225 Ma, early^late Cretaceous at $91 Ma, Maastrichtian at $66 Ma, middle^late Eocene at $38 Ma and Oligocene^early Miocene at $22 Ma.The most widespread middle^late Eocene cooling phase, around $38 Ma, is documented by a predominant grain-age population in Agha Jari sediments and by cooling ages of a granitic boulder sample. AFTages document at least three cooling/denudation periods linked to major geodynamic events related to the Zagros orogeny, during the late Cretaceous oceanic obduction event, during the middle and late Eocene and during the early Miocene. Both late Cretaceous and early Miocene orogenic processes produced bending of the Arabian plate and concomitant foreland deposition. Between the two major £exural foreland episodes, the middle^late Eocene phase mostly produced a long-lasting slow-or nondepositional episode in the inner part of the foreland basin, whereas deposition and tectonics migrated to the NE along the Sanandaj-Sirjan domain and its Gaveh Rud fore-arc basin. As evidenced in this study, the Zagros orogeny was long-lived and multiepisodic, implying that the timing of accretion of the di¡erent tectonic domains that form the Zagros Mountains requires cautious interpretation.
INTRODUCTION
The formation of the Zagros Fold Belt is the result of the convergence between Arabia and Eurasia, which culminated with the ¢nal closure of the Neo -Tethys oceanic domain producing the continental collision of these two plates (Fig.1) . Orogenic processes started with the tectonic emplacement of ophiolitic slices over the NE Arabian passive margin, from SE Turkey to Oman, at the end of Cretaceous times (e.g. St˛cklin, 1968; Ricou et al., 1977; Berberian & King, 1981; Braud, 1987; Stoneley, 1990; Ravaut et al., 1997; Babaei et al., 2005) .
The complete late Cretaceous and Tertiary history of this protracted collision is still debated, because multiple collisions of small continental blocks and island arcs against the NE Arabian margin are recorded. Based on ages of calc-alkaline magmatism, Berberian et al. (1982) proposed that the Arabia^Eurasia collision occurred in late Paleogene or early Neogene times. Hooper et al. (1994) suggested that the Neo -Tethys suture was diachronous, progressing towards the SE with ¢nal ocean consumption in late Oligocene times. Using plate tectonic reconstructions, McQuarrie et al. (2003) calculated a minimum age for ¢nal Arabia^Eurasia closure at 10 Ma (late Miocene). On the basis of seawater circulation and continental faunal exchanges, it has been argued that continental collision took place in the late Burdigalian times, synchronous to the formation of an important emerged landbridge (i.e. the 'Gomphotherium Landbridge') between Africa^Arabia and Eurasia (R˛gl, 1998; Harzhauser et al., 2007) . At a more regional scale, the structural observations of Hempton (1985 Hempton ( ,1987 and Robertson (2006) have shown that continental collision in SE Turkey, along the so -called Bitlis suture zone, initiated during middle^late Eocene and lasted until middle^late Miocene (Fig. 1a) . On the basis of structural observations and biostratigraphic ages of sediments located to the NE of our study area, Agard et al. (2005) proposed that ¢nal continental collision in the NW Zagros was initiated before latest Oligocene time, in agreement with results from Horton et al. (2008) .
This age is compatible with the early Miocene age of the most proximal exposures of the syn-orogenic Bakhtyari Formation close to the Main ZagrosThrust, recently dated by Fakhari et al. (2008) . In the Fars, more to the SW, the onset of foreland development and the initiation of tectonic inversion occurred slightly later at 20 Ma (Mouthereau et al., 2007) .
The di⁄culties in unravelling this long history led us to initiate precise dating of detrital foreland sequences in order to constrain the foreland basin history (Homke et al., 2009) , together with a thermochronology study that is presented in this paper. The aim of this study is to constrain the cooling/denudation events related to the protracted tectonic evolution that shaped the Zagros Mountains, using a combination of detrital and in situ apatite ¢ssion-track (AFT) thermochronology. Detrital apatites have been sampled from two well-dated sedimentary sequences located in the NW Zagros Fold Belt (Pusht-e Kuh Arc in Lurestan Province): the Paleocene Amiran Formation in the Amiran and Sultan anticlines and the middle and late Miocene Agha Jari Formation in the Afrineh and Changuleh growth synclines. In addition, granite boulders from folded conglomerates attributed to the Neogene Bakhtyari Formation in the Imbricated Zone have been sampled. In situ bedrock samples have been collected in metamorphic rocks of the Sanandaj-Sirjan Zone (Fig. 1b) . The resulting inferred cooling events are integrated with published regional reconstructions in order to better constrain the tectonic evolution of the Zagros Belt through time.
GEOLOGICAL OVERVIEW OF THE ZAGROS BELT
The NW^SE trending Zagros Mountain Belt is constituted by ¢ve di¡erent parallel structural domains, from SW to NE: (1) the Mesopotamian-Persian Gulf foreland basin, (2) the Folded Belt, (3) the Imbricated Zone (also called High Zagros or Crush Zone), (4) the metamorphic and magmatic Sanandaj-Sirjan Zone and (5) the Urumieh-Doktar magmatic arc (Fig.1) . In this section we present the geological setting of these structural domains, with special emphasis on the NW Zagros Belt where we focussed our work (Fig. 1b) .
The Folded Belt and the Mesopotamian foreland basin
The Mesopotamian Plain and its SE continuation along the Persian Gulf form the foreland basin in front of the Folded Belt (Fig. 1) . The Folded Belt is characterized by spectacularly outcropping anticlines involving the complete 10^12-km-thick Arabian margin succession (e.g. Falcon, 1974; Colman-Sadd, 1978) .The Mountain Front Fault (or Mountain Front Flexure, MFF) bounds the Folded Belt to the SW (Falcon, 1961; Emami et al., in press ). This structural and topographic front has an irregular geome- try forming two salients, the Fars Arc (Fars Province) and the Pusht-e Kuh Arc (Lurestan Province), separated by the Dezful Embayment (Khuzestan Province).The Folded Belt is limited to the NE by the so -called High Zagros Fault (Berberian, 1995) (Fig. 1b) . The folding along the frontal regions of the Pusht-e Kuh Arc, characterized by multiple detachments (Verge¤ s et al., in press), started around 7.6 AE 0.5 Ma and lasted until the Pliocene^Pleisto -cene boundary at about 2.5 Ma (Homke et al., 2004) although folding occurred earlier in the more internal domains of the belt (Emami, 2008) . In Lurestan Province, the exposed Mesozoic^Cenozoic stratigraphy includes about 4^5 km of pre-orogenic strata and about 4^5 km of synorogenic deposits (Fig. 2) .The synorogenic strata include two detrital successions related to early development of the foreland basin and to MioceneP liocene folding, respectively (James & Wynd, 1965; Homke et al., 2004) .The turbiditic Amiran Formation, the carbonaceous Taleh Zang Formation and the conglomeratic Kashkan Formation constitute a shallowing upwards sequence that ¢lled an early foreland basin developed as a consequence of the emplacement of ophiolitic and radiolaritic thrust sheets over the Arabian platform (e.g. Alavi, 1994; Homke et al., 2009) . Deposition of these sediments was synchronous with folding a¡ecting this early Zagros foreland basin (Hessami et al., 2001; Fakhari & Soleimany, 2003; Sherkati & Letouzey, 2004; Blanc et al., 2008; Homke et al., 2009) . The Amiran and Taleh Zang Formations have been accurately dated by nannoplankton biostratigraphy (very accurate for the lower part of the succession) and benthic foraminifera biostratigraphy (more suitable for the shallow-marine Taleh Zang Formation) as late Danian, Selandian and Thanetian ( $62^55.8 Ma) along the NE £ank of the Amiran anticline. NP3, NP4 and NP5 biozones (Martini, 1971; Perch-Nielsen, 1981 are indeed very well documented in the Amiran Formation, whereasThanetian levels contain characteristic Taberina diavesi and Lockhartia diversa foraminifera specimens (e.g. Smout, 1954; Pignatti et al., 1998; see Homke et al., 2009 for more details). The transition from theTaleh Zang to the Kashkan Formations is progressive. The base of the Kashkan Formation was therefore deposited during the Thanetian or the early Ypresian. Only one sample from the upper part of the Kashkan Formation has been successfully dated to the Ypresian (55.8^48.6 Ma) by palynostratigraphy. The base of the carbonates of the Shahbazan Formation, which cover the Kashkan conglomerates with a sharp contact, is dated as lowermost Oligocene at 33.9 AE 0.4 Ma by strontium isotope stratigraphy (Homke et al., 2009) . The three analysed samples provided consistent strontium isotope compositions that permitted to calculate ages using the LOWESS calibration from McArthur & Howarth (2004) . The Ypresian age obtained for the upper part of the Kashkan Formation therefore suggests the presence of a protracted sedimentary hiatus between the Kashkan and the Shahbazan Formations in this region.The $15 Myr hiatus encompasses most of the middle and upper Eocene and is characterized by either very slow sedimentation rates or nondeposition. Although more dating of the Kashkan Formation is required to support this hypothesis, it is well established that deposition of theTaleh Zang and Shahbazan Formations is separated by more than 20 Myr, during which only 320 m of preserved Kashkan deposits are recorded in this region (Homke et al., 2009) . The Shahbazan Formation may represent the distal part of a second foreland basin developed during the Oligocene, before the regional deposition of the Asmari Formation, as it is the case in the Fars for its equivalent Jahrom Formation (Mouthereau et al., 2007) .
Deposition of the evaporitic Gachsaran Formation marks a progressive return to continental conditions after deposition of the Asmari carbonate platform. The Gachsaran Formation is overlain by the second main detrital sequence of Miocene^Pliocene age, constituted by the Agha Jari and Bakhtyari Formations (Fig. 2) . This detrital sequence was deposited in the Neogene foreland basin that preceded the present Mesopotamian basin. The Agha Jari Formation contains metamorphic, radiolaritic and calcareous material (James & Wynd, 1965) probably sourced from both the Imbricated Zone, including the Kermanshah ophiolitic units, and the Sanandaj-Sirjan Zone. Sparse paleocurrent directions towards the SE along the front of the Pusht-e Kuh Arc suggest that source areas for the Agha Jari Formation were mostly located to the NW of Lurestan Province and that rivers followed the axial foreland direction (e.g. Homke et al., 2004; Verge¤ s, 2007) (Fig. 1) . Braud, 1970; Agard et al., 2005) (Fig. 3) . The radiolaritic^ophiolitic Kermanshah complex is composed from bottom to top by $500^800-m-thick Triassic to Cretaceous radiolaritic series, the $3000-mthick Triassic to Cenomanian Bisotun platform and the relatively thin and discontinuous Coniacian^Santonian Harsin-Sahneh ophiolitic units (Fig. 3) . The HarsinSahneh ophiolite was generated to the NE of the Bisotun platform around 85 Ma in an intraplate oceanic island arc environment (Delaloye & Desmons,1980; Ghazi & Hassanipak, 1999) . These ophiolites were subsequently emplaced and stacked on top of the Arabian platform domain as the Kermanshah tectonic slices. Thrust emplacement in the Imbricated Zone occurred from Santonian^Campanian to late Paleocene or early Eocene times (Berthier et al., 1974; Gidon et al., 1974; Braud, 1987) , and initiated a £exural foreland basin, ¢lled with the shallowing-upwards Amiran to Kashkan deposits (Fakhari & Soleimany, 2003; Alavi, 2004; Sherkati & Letouzey, 2004; Homke et al., 2009) .
The second main tectonic unit of the NW Imbricated Zone is the Gaveh Rud domain, also called Eocene domain by Agard et al. (2005) (Fig. 3) . It represents a magmatic and sedimentary sequence possibly forming the forearc basin of the Sanandaj-Sirjan Arc. The Gaveh Rud domain consists from bottom to top of 700^800 -m-thick Paleocene basaltic lavas, $750 m of lower Eocene limestones and $1500 m of Lutetian^Priabonian £ysch deposits with Iranian a⁄nity. This sequence is folded and cut by intrusions of gabbros of Bartonian age (40^34 Ma, Leterrier, 1985) , which have been attributed to transpressive movements (Leterrier, 1985; Braud, 1987) or to detachment of the South Neo -Tethys subducting slab beneath the Sanandaj-Sirjan block (Agard et al., 2005) . Shortly after the Bartonian plutonic episode, the Gaveh Rud domain was tectonically transported over the radiolaritic^ophioli-tic Kermanshah complex, sealed later by a thick deepening upwards sedimentary sequence of Oligocene^Miocene conglomerates, Aquitanian^Burdigalian carbonate platforms equivalent to the Asmari Formation and middlel ate Miocene £ysch deposits (Braud, 1987; Agard et al., 2005) .
The uppermost tectonic unit of the Imbricated Zone consists of thrust sheets carrying metamorphic rocks from the Sanandaj-Sirjan Zone over the middle^late Miocene £ysch deposits (Fig. 3) . To the SW, the basal thrust of this system cuts conglomerates, equivalent to the Bakhtyari Formation (Gidon et al., 1974) and recently dated as Oligocene to early Miocene ( $30^20 Ma) along the footwall of the Main ZagrosThrust .
The Sanandaj-Sirjan Zone
The Sanandaj-Sirjan Zone, to the NE of the Imbricated Zone, forms a $150^200-km-wide tectonic domain composed of deformed sedimentary and metamorphic Palaeozoic to Cretaceous rocks intruded by numerous Jurassic to late Eocene plutons (Alavi, 1994; Masoudi, 1997) (Fig. 1) . The main metamorphic episode took place during the late Cretaceous, under greenschist and amphibolite conditions (Mohajjel & Fergusson, 2000) . The Sanandaj-Sirjan Zone experienced a prolonged episode of calc-alkaline magmatism between the Jurassic and the end of the early Eocene (170^50 Ma), culminating during the late Cretaceous (e.g. Valizadeh & Cantagrel, 1975; Masoudi, 1997; Baharifar et al., 2004) . In NW Zagros, the Sanandaj-Sirjan Zone was moreover a¡ected by intense gabbroic plutonism during Bartonian times (40^34 Ma) (Leterrier, 1985; Braud, 1987) . The SanandajSirjan Zone shows NW^SE trending folds and thrust, which are south to SW directed.
The role of the Sanandaj-Sirjan Zone during the closure of the Neo -Tethys Ocean is still discussed. Despite the general assumption that this tectonic domain represents the southern edge of the Iranian plate (e.g. Berberian & King, 1981; Hooper et al., 1994) , distinct tectonic models have been also proposed. Ghasemi & Talbot (2006) consider that the SE part of the Sanandaj-Sirjan Zone, which is bounded by ophiolites along both its SW and NE limits, was separated from the Iranian block by a distinct oceanic domain: the Maien-Baft oceanic realm of McCall (1999) , whereas the NW part of the Sanandaj-Sirjan Zone remained attached to the Iranian plate. Alavi (1994) proposed a totally di¡erent model in which the entire Sanandaj-Sirjan Zone was part of the Arabian plate with its NE boundary representing the Zagros suture. Glennie (1995) interpreted the Sanandaj-Sirjan Zone as a small continental block that detached from the Arabian plate during opening of the South Neo -Tethys Ocean, and that was reaccreted to Arabia during its subsequent closure. According to Golonka (2004) , the Sanandaj-Sirjan continental block separated from Arabia during opening of the South Neo -Tethys oceanic realm, and later drifted to the NE until its accretion to central Iran.
The Urumieh Doktar magmatic arc
The Tertiary Urumieh Doktar magmatic arc corresponds to a 50^100-km-wide tectonic domain located to the NE of the Sanandaj-Sirjan Zone (Fig.1 ).This domain is generally regarded as an Andean-type magmatic arc formed on Iranian continental crust in response to northward subduction of the Neo-Tethys Ocean (e.g. Berberian et al., 1982) . Calc-alkaline magmatic activity started in the central part of the arc during the Eocene, and climaxed during Oligocene^Miocene times . Ages of dated intrusions range from 39 to 19 Ma (Bernard et al., 1979; Martel-Jentin et al., 1979; Berberian et al., 1982; Bina et al., 1986) . According to , calc-alkaline magmatism ended around 5 Ma (early Pliocene), being replaced by alkaline volcanism in central Iran and SE Turkey. The most recent lavas of the UrumiehDoktar magmatic arc are Quaternary in age (Alavi, 1994) . The transition from calc-alkaline to alkaline volcanism is interpreted as resulting from slab break-o¡ processes by several authors (e.g. Ghasemi & Talbot, 2006; Jahangiri, 2007) .
FISSION-TRACK (FT) ANALYSES Sampling
Samples were collected for apatite and zircon FT analysis from the two main well-dated detrital foreland sequences deposited in the NW Zagros, i.e. the late Maastrichtianê arly Eocene Amiran^Kashkan sequence and the Miocene^Pliocene Agha Jari and Bakhtyari Formations. In addition, in situ metamorphic bedrock samples have been collected in the Sanandaj-Sirjan Zone (Fig. 4) . Geographic coordinates and elevations of collected samples are reported in Table 1 .
Bedrock samples
Bedrock samples have been collected in order to constrain the timing of exhumation experienced by the Sanandaj- (Mohajjel & Fergusson, 2000) . Three samples were collected in the central part of the complex (one diorite and two amphibolites), and two from its NE £ank (gneiss from the Galeh Doz granite and amphibolite) (Fig. 4a , Table 1 ). However, only three of these samples yielded apatites and only two yielded some zircons (Fig. 5 , Table 2 ).
Cobble samples from Bakhtyari conglomerates of the Kuh-e Farangui
Tectonic slices of the Sanandaj-Sirjan Zone including the Kuh-e Farangui thrust sheet (klippe) were emplaced over the Imbricated Zone and subsequently folded (Figs 1 and 4b).The Kuh-e Farangui tectonic unit overthrusts the lower part of the syntectonic Agha Jari and Bakhtyari deposits. The upper part of the Bakhtyari conglomerates, however, postdates thrust emplacement and is folded as a syncline together with the underlying thrust sheet. The upper levels of these conglomerates are generally considered to be Pliocene or younger (Gidon et al., 1974; Braud, 1987; Agard et al., 2005) , although recent dating of presumed Bakhtyari conglomerates in the north of the Khuzestan Province suggests they may be as old as early Miocene in age . One gneiss and two granite cobbles have been sampled from di¡erent stratigraphic levels along the 750-m-thick and 701 -dipping northern £ank of the conglomeratic syncline (Fig. 6 , Table 1 ). The three collected samples provided good quality apatites and few zircons ( Fig. 6 , Table 2 ).
Detrital samples from Paleocene Amiran^Kashkan foreland succession
The Amiran^Kashkan sequence, mostly derived from the Kermanshah radiolaritic^ophiolitic complex (James & Wynd, 1965; Alavi, 2004; Homke et al., 2009) , was sampled in central Lurestan along the NE £ank of the Amiran anticline and the SW £ank of the Sultan anticline (Fig. 4c) .The Paleocene age of deposition of this succession has recently been determined by biostratigraphy (Homke et al., 2009 ). In the Amiran anticline, nine samples have been collected from sandstone beds located at di¡erent levels of the 1225-m-thick sequence: ¢ve from the marine Amiran Formation, one from the shallow marine Taleh Zang Formation and three from the non-marine Kashkan Formation (Table  1) . Only six of these samples yielded datable apatites. In the Sultan anticline, three samples were collected: two from the Amiran Formation and one from the basal layers of theTaleh Zang Formation.The three samples provided da- Table 2 ).
Detrital samples from Miocene^Pliocene Agha Jari Formation
The £uvial Agha Jari Formation and the overlying conglomeratic Bakhtyari Formation ¢ll the Mesopotamian foreland basin and are partially preserved in synclines of the Folded Belt ( Fig. 1 ). Agha Jari sediments were mostly derived from the NE hinterland of the Zagros Belt (James & Wynd, 1965) . Agha Jari deposits have been sampled in both the front of the Pusht-e Kuh Arc (Changuleh growth syncline and Zarrinabad syncline) and in its central part (Afrineh growth syncline, between the Amiran and Sultan anticlines) ( Fig. 4c and d,Table1).Three samples have been collected in the Changuleh syncline, two in the Zarrinabad syncline and three more samples in the Afrineh syncline (Figs 9 and 10, Table 1 ).
Experimental and analytical procedure
Sample preparation was performed in both the Laboratoire de Ge¤ odynamique des Cha|" nes Alpines, Universite¤ Joseph Fourier, in Grenoble (France) and the Servicio Homologado de Termocronolog|¤ a, Universidad de Ca¤ diz (Spain). Sample preparation and treatment followed standard techniques, as recently outlined by van der Beek et al. (2006) . Apatite and zircon grains were separated from crushed rocks using classical sieving, heavy liquid and magnetic separation techniques. Apatite samples were mounted in epoxy resin and zircons in PFA Te£on. Mounted samples were then polished to expose an internal 4p surface. Apatite samples were etched in 5-mol HNO 3 at 20 1C for 20 s to reveal spontaneous tracks. Zircon samples were etched in a eutectic NaOH^KOH preparation (respectively, 11.5 and 8 g) at 230 1C. Apatite and zircon samples were irradiated separately in the Orphe¤ e reactor (CEA-Saclay, France).Thermal neutron £uence was monitored using NBS-962 glasses for apatites, and corning CN-1 glasses for zircons. The external detector method (muscovite slices) was used for analyses (Gleadow, 1981; Hurford & Green, 1982) . Utilized muscovite slices were etched after irradiation in 40% HF acid at 20 1C for 20 min. Spontaneous and induced FTs were counted on an optical microscope with magni¢cation of Â 1000 dry objective. Central ages (Galbraith & Laslett, 1993) have been calculated with the zeta calibration method (Hurford & Green, 1983) , using Durango (31.3 AE 0.3 Ma, Naeser & Fleischer, 1975) and Fish Canyon Tu¡ (27.8 AE 0.2, Hurford & Hammerschmidt, 1985) age standards. Con¢ned track-length measurements were performed under a Â 1000 dry objective, with a Kinetec automated Stage driven by FTStage software (Dumitru, 1993) . Because of the common low number of observable con¢ned FTs in each sample, we measured both tracksin-track (TINT) and track-in-cleavage (TINCLE), despite their di¡erent response to etching (Barbarand et al., 2003b) . Orientation of FTs with respect to the c-axis of apatite grains controls both track annealing and etching rates (Donelick, 1991; Donelick et al., 1999; Barbarand et al., 2003a) . The c-axis was therefore measured on analysed grains. Etch-pit widths parallel to c-axis (Dpar) were moreover measured for each dated apatite crystal, as they provide good assessment of annealing rate in individual apatite grains (e.g. Barbarand et al., 2003a) .
Mixed grain-age distributions were decomposed by the binomial peak-¢tting method into grain-age components de¢ned by an estimated age and size (Galbraith & Green, 1990; Brandon, 1992; Galbraith & Laslett, 1993; Stewart & Brandon, 2004) . Peak-¢tting analysis for detrital samples with a low number of dated crystals may provide unreliable results. In order to obtain more information about cooling ages, combined grain-age distributions of several detrital samples from the Agha Jari Formation have been analysed, provided that these samples did not record di¡erent degrees of partial annealing.
Thermal history modelling was carried out for three samples with the program AFTSolve s version 1.4.1 (Ketcham et al., 2000) , in which the multi-kinetic annealing model of Ketcham et al. (1999) was applied, using Dpar as (Fig. 4a) . Central ages are given in bold numbers with w 2 probability (%) in brackets. Dpar vs. ¢ssion-track (FT) age plot is given for sample SH183.The low value of the linear regression parameter R 2 indicates absence of a clear relationship between Dpar and FTages. (Galbraith & Green, 1990; Galbraith & Laslett, 1993) . SD, standard deviation of mean con¢ned track length and mean Dpar (mm). Barbarand et al., 2003a) . The e¡ect of crystallographic orientation of measured con¢ned tracks was corrected using the c-axis projection method of Donelick et al. (1999) . The Kolmogorov^Smirnov test (KS) was used to compare measured FT length distributions to track-length distributions predicted by the models and the goodness-of-¢t test (GOF) was used to compare age data with modelled ages (Ketcham et al., 2000) . Envelopes of statistically 'acceptable' t^-T paths (with KS and GOF value both higher than 0.05) and of 'good' t^T paths (with KS and GOF value both higher than 0.5) are calculated by the program for each model run (Ketcham et al., 2000) . For each sample, three runs have been performed using the Monte Carlo search method with 50 000 steps and with di¡erent T^t constraints. Obtained con¢dence envelopes are combined for each sample to build more complete con¢dence envelopes. Moreover, Constrained Random Searches with 50 000 iterations have been performed to ¢nd best-¢t solutions (Ketcham et al., 2000) .
RESULTS
On average, our samples yielded relatively few apatite and insu⁄cient zircon grains. Reliable AFTresults have, however, been obtained for several detrital and metamorphic samples. All ages reported are central ages (Galbraith & Laslett, 1993) with AE 2s error.
Dorud metamorphic complex
The ¢ve samples collected in the Dorud metamorphic complex in the Sanandaj-Sirjan Zone (Fig. 4a) had very low yield. Only three samples contained datable apatite grains (SH182^SH184), two of them providing only three and four datable grains (Fig. 5, Table 2 ). No con¢ned FT lengths could be measured in the three dated samples.
Four measured apatite grains of amphibolite sample SH182 provided concordant individual FT ages, with a central age of 36.2 AE 15.0 Ma (Fig. 5, Table 2 ). A gneiss sample (SH183) from the deformed Galeh Doz granite on the NE £ank of the Dorud metamorphic complex provided 22 datable apatite grains with a central AFT age of 27.4 AE 7.4 Ma. Great age dispersion (38%) and very low w 2 probability (0.3%) suggest prolonged residence in the Partial Annealing Zone (PAZ) (Fig. 5, Table 2 ). Spreading of individual grain ages may result from di¡erent chemical compositions of the apatites, although there is no clear correlation between Dpar values and FT ages (Fig. 5 ). An amphibolite sample (SH184) provided only three apatite crystals, with individual FTages of 0 (no fossil tracks), 40 and105 Ma (Table 2) . Because of the low number of apatites and the large di¡erence in individual FTages, the central FTage (48 AE 30 Ma) of this sample is not considered reliable for interpretation.
Kuh-e Farangui thrust sheet
The gneiss and granite cobbles collected in the folded conglomerates on top of the Kuh-e Farangui thrust sheet (Fig. 4b) provided numerous good-quality apatite grains. Concordant FTages have been obtained for these samples, with w 2 probability 492.5%, at 45.1 AE 11.6 (SH179), 39.4 AE 4.8 (SH178) and 45.1 AE 6.2 Ma (SH177) (Fig. 6 , Table  2 ). 50 and 74 con¢ned tracks were measured in the two granite samples SH177 and SH178, respectively. Tracklength distributions of these samples are characterized by (Fig.  4b) . Radial plots are given with central ages age in bold and w 2 probability (%) in brackets.Track lengths histograms of dated samples are given with mean length, standard deviation and number of measured tracks. means of 13.1 and 13.2 mm, standard deviations of 1.9 and 1.6 mm and the presence of con¢ned tracks o10 mm long (Fig. 6, Table 2 ).
Amiran Formation^Amiran anticline
Six apatite samples collected in the NE £ank of the Amiran anticline (Fig. 4c) have been successfully dated. Four samples were collected in the Amiran Formation, one in the Taleh Zang Formation and one from the lower part of the Kashkan Formation (Fig. 7, Table 2 ). High w 2 probability (497%) and low age dispersion (o5%) indicate that all samples contain single grain-age populations.This is consistent with a unique sedimentary source derived from the ophiolitic^radiolaritic Kermanshah complex (Homke et al., 2009) . Apatite may come from ma¢c igneous rocks that mainly form the Harsin-Shaneh ophiolite (Ghazi & Hassanipak, 1999) . The least constrained central age has been obtained for sample SH084, with only six dated apatite grains. Other samples provided between 23 (SH105) and 51 (SH126) grains (Fig. 7, Table 2 ).
AFTages are younger than depositional ages, and they generally decrease with depth ( Fig. 11a and b) . This indicates that AFTages have been partially reset due to burial of the foreland succession. As discussed in Homke et al. Relatively few track lengths have been obtained, with a maximum of 33 measurements for sample SH038 (Table  2) , because of low uranium content (o11p.p.m.). Mean track lengths generally decrease down section, with an average of 11.7 mm for sample SH038 (Table 2) , consistent with partial annealing.
Amiran Formation^Sultan anticline
Three detrital samples collected in the SW limb of the Sultan anticline contained datable apatite grains (Fig. 4c) . Stratigraphic ages of the Sultan anticline are comparable to or slightly younger than those of the Amiran anticline succession (Fig. 11b and c) . A sedimentary hiatus or a condensed level in the basal part of the Sultan section, in the top of the Gurpi Formation, is evidenced by the lack of nannoplankton biozones NP1 and NP2. The PaleoceneÊ ocene boundary is located somewhat below the transition between the Amiran and Taleh Zang Formations ( $770 m), as indicated both by calcareous nannoplankton and large foraminifera content. Finally, the contact between Kashkan and Shahbazan Formations is also characterized by a sedimentary hiatus or slowing of deposition with a duration that may reach about 15 Myr, as demonstrated by the strontium-isotope ages calculated for the base of the Shahbazan Formation (Homke et al., 2009) .
The three analysed samples failed the w 2 test and present age dispersions between 42% and 70%, suggesting the presence of mixed grain-age populations (Fig. 8 , Table  2 ). Sample SH23-07 has been decomposed into three grain-age populations of di¡erent sizes, with age peaks at 17.0 AE 15.9, 87.8 AE 10.2 and 224.9 AE 40.4 Ma.These ages are only roughly constrained due to the reduced number of Fig. 4c for location) . Small black arrows represent measured paleocurrent directions (Homke et al., 2009) . Positions of collected AFTsamples are indicated by triangles (white for undatable samples). Radial plots of successfully dated samples are given. Central ages are in bold with w 2 probability (%) in brackets. Dot lines represent deposition ages. crystals and high age variability. Sample SH19-07, provided age peaks at 38.4 AE 15.8 and 98.5 AE 15.8 Ma. Sample SH13-07 also provided three grain-age populations, with age peaks at 59.9 AE 10.7, 93.6 AE 22.8 and 170.5 AE 39.4 Ma (Fig. 8, Table 3 ).
As in the Amiran anticline, the ages of youngest identi¢ed grain-age components decrease with depth and are close to or younger than depositional ages. This indicates that samples from the Sultan anticline have also been partially annealed due to burial and potential £uid circulation (Fig. 11) . However, they are characterized by signi¢cantly higher mean Dpar values than those from the Amiran anticline and thus appear less annealed, explaining why they retain pre-Tertiary age peaks whereas samples from the Amiran anticline do not.
Agha Jari Formation^Afrineh growth syncline
Two of the three samples collected in the lower 850 m of the Miocene^Pliocene Agha Jari Formation preserved in the Afrineh growth syncline (Fig. 4c ) contained datable apatite grains (Fig. 9, Table 2 ). Both samples failed the w 2 test and show age dispersion of 20% and 24%, respectively, revealing the presence of mixed grain-age components. FT grain-age distributions of both samples can be decomposed in two grain-age components of roughly equal size. The age peaks of these components are 19.6 AE 5.5 and 31.3 AE 9.8 Ma for sample SH148, and 26.3 AE 10.3 and 46.4 AE 15.8 Ma for sample SH149 (Fig. 9, Table 3 ), although none of these ages are very well constrained because of the low number of dated apatites (22 and 23 grains). w 2 probabilities of best ¢tted binomial components are o20% (Table 3 ). The two dated samples were collected from the uppermost part of the sedimentary cover, and they were not buried su⁄ -ciently to be partially annealed since deposition (Fig. 11) . The decomposition of combined grain-age distributions (45 grains) was performed to limit problems due to the low number of grains and because of the overlap of age peaks. Two grain-age components of equivalent size, with estimated age of 21.5 AE 5.3 and 37.4 AE 9.8 Ma were obtained with a w 2 probability of 42.3%, which is more (Fig. 9 , Table 3 ).
Both age peaks were apparently not partially reset after sample deposition, and they probably indicate source-area denudation ages (Fig.11a,Table 3 ).The absence of correlation between Dpar (i.e. chemical composition) and singlegrain ages (oldest AFT ages are represented by the least resistant apatites with low Dpar values) is consistent with this interpretation (Fig. 9) .
Agha Jari Formation^Zarrinabad and Changuleh growth synclines
Four samples collected in the Zarrinabad and Changuleh growth synclines at di¡erent levels of the Agha Jari and lowermost Bakhtyari Formations yielded datable apatite grains (Fig. 10, Table 2 ). Discordant grain-age distributions of studied samples, with w 2 probability o0.2% and age dispersion between 21%, and 46%, reveal the presence of mixed grainage components. For each sample, two grain-age populations have been identi¢ed. Because of the relatively low number of dated apatites (between 19 and 31 grains), these grain-age populations are not very well constrained and additional less important grain-age populations may not have been recovered. All samples, however, display a similar dominant component with mean age ranging from 33.7 AE 4.1 (SH047) to 40.1 AE 3.9 Ma (SH094).The age distribution of the second population ranges from 61 AE 17.7 (SH164) to 94.6 AE 22.9 Ma (SH047). w 2 probability of best¢tted peaks ranges from 16.0% to 29.6% (Fig.10, Table 3 ).
Sample SH047, which was deposited during folding in front of the belt, and which probably experienced o1km of burial, is not considered to be signi¢cantly thermally annealed. Samples SH164 and SH002 may have entered the PAZ during deposition of the upper part of the Agha Jari^Bakhtyari succession, with a maximum burial of $2 km (Fig.10) . However, it is probable that these samples, deposited slightly before the onset of folding in the front of the belt, spent only a limited time in the PAZ before ¢nal exhumation during ampli¢cation of folding. Overlap of the main age peaks of the four analysed samples suggests that thermal annealing of these two lower samples is minor. Therefore, decomposition of the combined grain-age distribution (107 grains) was performed in order to obtain a better de¢nition of dominant grain-age populations.Three grain-age populations were di¡erentiated, one prominent population with a peak age at 37.6 AE 2.6 Ma (68.3%), and two minor populations with peak ages at 66.3 AE 29.8 Ma (14.0%) and 90.8 AE 17.7 Ma (21.3%) (Fig. 10, Table 3 ). The signi¢cance of the two older populations may be questioned because of their important age uncertainty.
Thermal history modelling
Modelling of individual thermal histories of granite samples SH177 and SH178, both from large cobbles from the Bakhtyari conglomerates overlapping the Kuh- (Fig. 4c) .
Positions of collected apatite ¢ssion-track (AFT) samples are indicated by triangles (white for undatable sample). Radial plots and grain-age probability density plots of the two successfully dated samples are given. Combined probability density plot is also shown (see Fig. 8 (Fig. 12) . Moreover, because few track-length measurements are available, it was not possible to de¢ne multiple kinetic populations for thermal history modelling of these samples. We therefore used a single kinetic population based on Dpar values for each sample.
Results suggest relatively slow cooling through time. According to the modelling, sample SH178 (Fig.12a) probably entered the PAZ (Gleadow & Fitzgerald, 1987; Brown et al., 1994) in early Eocene times, and exited it in early Miocene times.The cooling rate of sample SH178 averaged $5 1C Myr^1 until late Eocene times, and may have decreased afterwards to $1 1C Myr^1. Sample SH177 (Fig.  12b) probably entered the PAZ during the late Paleocene, and exited it in early Miocene times, showing a similar linear overall cooling history to sample SH178. Although results have been obtained with GOF and KS statistics 40.95, the relatively low number of track-length measurements, in particular for sample SH177, as well as the use of a single kinetic population for modelling, reduces our con¢dence in the model predictions and thus given cooling rates are only indicative (Fig. 12) .
DISCUSSION
Five families of AFTages and grain-age populations have been obtained from both detrital (Amiran and Agha Jari (Fig. 4d) . Age of formations, channel orientations and the base of growth strata are given (Homke et al., 2004) . Collected apatite ¢ssion-track (AFT) samples are located in the column. Grain-age probabilityd ensity plots of the four successfully dated samples, and of their combined apatite populations, are given (see the Fig. 8 for the legend) . Stratigraphic age vs. AFTage plot is also represented. deposits) and crystalline samples: (1) pre-middle Jurassic ( $171, $225 Ma); (2) early^late Cretaceous ( $91 Ma); (3) Maastrichtian ( $66 Ma); (4) middle^late Eocene ( $38 Ma); and (5) late Oligocene to early Miocene ( $22 Ma) (Figs 5^10). Although some these ages may result from partial annealing, they provide indications of distinct cooling/denudation episodes that occurred in the inner zones of the present NW Zagros, i.e., the Imbricated Zone and the Sanandaj-Sirjan Zone (the most probable source areas for the Amiran and Agha Jari^Bakhtyari deposits).The potential large scale of some of these denudation events, documented by AFTages, in the inner Zagros may have in£uenced the foreland basin evolution as depicted in Fig. 13 .
Pre-Eocene cooling
The oldest identi¢ed AFT grain-age populations, at 171 AE 39 and 225 AE 40 Ma, were encountered in detrital samples of the Amiran and Taleh Zang Formations in the Sultan anticline. These ages are probably partially reset, and are thus di⁄cult to directly interpret as cooling ages, although they may record a pre-Jurassic tectonic event possibly related to the late Triassic closure of the PaleoTethys realm Horton et al., 2008) (Fig.13) .The fact that these detrital apatites were deposited in the Paleocene Amiran foreland basin suggests a proximal source for them, with a potential origin in the tectonic slices derived from the NE margin of the Arabian plate, imbricated and exhumed as a consequence of late Cretaceous oceanic obduction.
Overlapping age peaks around 91^98 Ma in samples SH094, SH047 and SH002 (detrital apatites in the Agha Jari Formation) may correspond to apatites sourced from magmatic rocks related to the ophiolites of the Harsin-Sahneh thrust sheets, in the Kermanshah radiolarite^ophiolite complex. These AFT ages closely match the radiometric ages of the ophiolites (85 Ma, Delaloye & Desmons, 1980) , and may thus be related to oceanic crust generation (Fig. 13) .
The 66 AE 30 Ma grain-age population, recorded by sample SH164 (Agha Jari Formation in the Zarrinabad syncline) (Fig. 10) , may represent either a partially reset late Cretaceous age or a distinct cooling episode that took place during Maastrichtian times. This period of time was characterized by stacking and thrusting of the Kermanshah Complex and subsequent deformation of the margin of the Arabian plate from SantonianĈ ampanian to late Paleocene^early Eocene times (Berthier et al., 1974; Gidon et al., 1974; Braud, 1987; Agard et al., 2005) . As a consequence of this tectonic emplacement, the Arabian plate £exed down to form the early foreland basin of the NW Zagros that was ¢lled with the shallowing-upwards Amiran^Kashkan sedimentary succession (Alavi, 2004; Homke et al., 2009) (Fig. 13) . The thrust sheets corresponding to the Kermanshah Complex produced an uplifted region along the margin of the NW segment of the Arabian plate that was the source area for the foreland basin to the SWand for the Gaveh Rud domain to the NE (e.g. Barrier & Vrielynck, 2008).
Middle^late Eocene cooling
An important cooling episode, recorded by both detrital samples from the Agha Jari Formation and from the boulders of the Bakhtyari Formation in Kuh-e Farangui occurred in middle and late Eocene times, with AFT ages ranging from 45 to 35 Ma. Identi¢ed detrital grainage populations are consistent with ages obtained from bedrock samples (Fig. 13) .This cooling episode must be interpreted as representative of cooling/denudation episodes occurring in the source areas, mostly in the Sanandaj-Sirjan Zone around middle and late Eocene times, coevally with the main arc-related magmatism activity in SW Iran.
In the inner and central parts of the Zagros foreland basin in Lurestan Province, the middle and late Eocene were characterized by either a low rate of sediment accumulation or a sedimentary hiatus. Only $320 m of Kahskan red beds accumulated and were preserved in the central part of the basin during a period that can be as long as 15 Myr, before the deposition of the shallow marine platforms of the Shahbazan Formation in early Oligocene time (Homke et al., 2009) . This low sediment supply (or nondeposition) in the Zagros foreland basin during the Paleocene^Eocene could be caused by pro - gressive reduction of the topographic relief that formed during the tectonic emplacement of the ophiolitic^radi-olaritic slices on top of the distal Arabian margin in late Cretaceous times. The lack of basin subsidence as well as moderate tectonic shortening observed for the middle and late Eocene in the Zagros foreland basin may be attributed to a shift of tectonic activity towards the NE along the Gaveh Rud domain and the front of the Sanandaj-Sirjan block, which were still separated from the Zagros foreland basin (e.g. Barrier & Vrielynck, 2008) . In e¡ect, during the middle Eocene, intense £ysch sedimentation ¢lled up the deep Gaveh Rud sedimentary trough, between the Sanandaj-Sirjan Zone and the already deformed Arabian margin (Braud, 1987; Agard et al., 2005) . These Gaveh Rud sediments were mostly sourced from the Sanandaj-Sirjan Zone, with smaller contributions from the SW (the Kermanshah Complex on top of the Imbricated Zone). This deep marine trough trapped all the sediments supplied from the emerging Sanandaj-Sirjan Zone. The whole Gaveh Rud domain was then strongly folded in the late^middle Eocene, possibly announcing the collision between the Sanandaj-Sirjan block and Arabia (Braud, 1987; Agard et al., 2005) . Both the Gaveh Rud sedimentary domain and the Sanandaj-Sirjan Zone were subsequently intruded by numerous gabbroic plutons dated at 40^34 Ma (Leterrier, 1985; Braud, 1987) (Fig. 13) . This short but intense plutonic activity shortly followed the cessation of calc-alkaline magmatism in the Sanandaj-Sirjan Zone and was partly coeval with intense Eocene calc-alkaline plutonic activity towards the NE, along the Ketcham et al., 2000) . Good (dark grey) and acceptable (light grey) T^t envelopes were obtained for each sample by combining results of three models performed with distinct distributions of T^t constraints and using the Monte Carlo method with 50 000 steps. Best T^t paths (dashed lines) have been obtained using the Constrained Random Search method with 50 000 iterations (Ketcham etal., 2000) .T^t constraints used with Constrained Random Search modelling are represented by vertical grey lines. Central plots represent the comparison between the measured (histogram) and modelled (curves) track-length distributions; Dpar vs. track-length plots (maximum Dpar of the apatite grain on which the track length has been measured) are shown at right.The relatively low value of the linear regression parameter R 2 indicates absence of a clear relationship between Dpar and track length, particularly for sample SH178. GOF, goodness-of-¢t probability; KS, Kolmogorov^Smirnov probability; PAZ, Partial Annealing Zone (Gleadow & Fitzgerald, 1987; Brown et al., 1994) .
Urumieh-Doktar magmatic arc and central Iran (Valizadeh & Cantagrel, 1975; Masoudi, 1997; Baharifar et al., 2004; Horton et al., 2008) (Fig.  13) . These magmatic events have been attributed to transpressive movements by Leterrier (1985) and Braud (1987) . Agard et al. (2005) and Ghasemi & Talbot (2006) , however, proposed that slab breako¡ occurred in the Eocene after the cessation of subduction beneath the Sanandaj-Sirjan Zone, consistently with the model proposed by Kestin et al. (2008) in north-central Turkey on the basis of magmatic evidence. An important gold mineralization event in the Sanandaj-Sirjan Zone during the Eocene (between $56 and 38 Ma) might result from regional thermal disturbance and £uid input that have been attributed to this proposed slab breako¡ beneath the Sanandaj-Sirjan Zone by Moritz et al. (2006) .
Although the Sanandaj-Sirjan Zone was still separated from the Zagros foreland basin during the Eocene (e.g. Barrier & Vrielynck, 2008) , slab breako¡ would have produced regional uplift probably a¡ecting the entire Zagros foreland basin. The absence of signi¢cant subsidence between deposition of the Amiran and Shahbazan Formations might be partly due to such regional uplift, but no clear indications for major uplift and denudation in the basin at that time are available. Signi¢cant £uid circulation, responsible for the alteration and remagnetization of Amiran sediments (Homke et al., 2009) , and probably participating to the recorded partial resetting of AFTages, ( ), Braud (1987 . (6) Delaloye & Desmons (1980) . (7) Braud (1987), Agard etal. (2005) . (8) Leterrier (1985) , Braud (1987) . (9^11) Braud (1987) . (12) Braud (1971 Braud ( ,1987 , Gidon et al. (1974) , Agard et al. (2005) , Molinaro et al. (2005) , Fakhari et al. (2008) . (13) Leterrier (1985) , Braud (1987) . (14) Mohajjel & Fergusson (2000) . (15) Valizadeh & Cantagrel (1975) , , Berberian et al. (1982) , Masoudi (1997) , Masoudi et al. (2002) , Horton et al. (2008) . (16 and 17) Bernard et al. (1979 , , Berberian et al. (1982) , Bina et al. (1986) .
were detected in the Amiran anticline, but their origin is not constrained. Geodynamic processes related to the Zagros orogeny other than slab breako¡, e.g. partial lithosphere delamination (Maggi & Priestley, 2005) , must also be considered as possible causes for Eocene magmatic and tectonic activity recorded by AFT cooling ages. The presence of rare coeval Eocene gabbro dykes in the NE Kermanshah ophiolitic units, i.e. on the NE border of the Arabian plate (Leterrier, 1985) suggests that the Sanandaj-Sirjan Zone was relatively close to the Arabian margin at that time, so that the southern Neo -Tethys realm was about to close in the late Eocene. The Gaveh Rud volcano -sedimentary domain was e¡ectively thrust on top of the radiolaritic and ophiolitic thrust sheets of the Kermanshah Complex shortly after late Eocene emplacement of the gabbro intrusions, initiating the collision between the Arabian plate and the Sanandaj-Sirjan block. Thrusting of the Gaveh Rud tectonic unit was sealed by late Oligocene to early Miocene conglomerates (Braud, 1987; Agard et al., 2005) . In the early Oligocene, after the protracted middle and late Eocene quiescent period, the Zagros foreland basin subsided again, allowing deposition of the transgressive shallow marine Shahbazan limestones. Although very little is known of the lithospheric structure during and after the Eocene period, the onset of marine sedimentation (i.e. deposition of the Shahbazan Formation) in the study area during the Oligocene indicates that the lithosphere subsided, either as a result of cooling, £ex-ure or both.This subsidence occurred relatively soon after the possible slab breako¡ and was probably related to the e¡ects of continuous compression with concomitant lithospheric thickening. A similar process has recently been proposed for the northern part of theTibetan Plateau (Jime¤ nez-Munt et al., 2008).
Late Oligocene^early Miocene cooling
The late Oligocene^early Miocene cooling event at around 22 Ma is only documented by AFT grain-age populations from the Agha Jari sediments sampled in the Afrineh growth syncline (Fig. 10) , and needs therefore to be con¢rmed by further analyses. These ages, however, are concurrent with large-scale observations that have been interpreted to show the ¢nal stages of closure of the Neo -Tethys by the collision of the Sanandaj-Sirjan domain against Arabia (e.g. Agard et al., 2005; Horton et al., 2008) . Additional observations are the onset of Neogene foreland basin £exure and the interruption of the marine connection between the Mediterranean Sea and the IndoPaci¢c Ocean (e.g. Harzhauser et al., 2007) .
During late Oligocene and early Miocene times, £ysch sediments were deposited in the NE region of the Imbricated Zone before they were overthrust by the SanandajSirjan domain (Fig.13) . As consequence of Sanandaj-Sirjan thrusting, the foreland basin £exed down and was ¢lled with the thick Asmari, Gachsaran and Agha Jari successions (e.g. James & Wynd, 1965; Allen et al., 2004; Sherkati & Letouzey, 2004; Ahmadhadi et al., 2007; Mouthereau et al, 2007) . In addition, a new wave of folding propagated across the Zagros Simply Folded Belt, shaping the present day anticlines. Folding propagated towards the foreland and reached the front of the Pusht-e Kuh Arc around 7.6 AE 0.5 Ma (Homke et al., 2004; Emami, 2008) .
In the early Miocene, a relatively small unconformity developed in the foreland basin between the Shahbazan and Asmari Formations, roughly coeval with a marked decrease in sediment accumulation rates in the Dezful Embayment that started around 22 Ma (Ehrenberg et al., 2007) (Fig.13) . After the deposition of the shallow-marine Asmari Formation, the marine gateway along the Zagros foreland, which connected the Mediterranean Sea and the Indo -Paci¢c Ocean, de¢nitely closed in middle Miocene times (Harzhauser et al., 2007) .
CONCLUSIONS
Thermochronologic analyses presented in this study con¢rm the suitability of this method in the Zagros, although the number of usable apatites was low in most of the collected samples. Because this apparent lack of apatites and zircons in the Zagros foreland deposits, both detrital and in situ bedrock samples need to be collected across the di¡er-ent tectonic domains to precisely de¢ne the multiple collisional events of the Zagros Belt since late Cretaceous times.
Five families of AFT ages and grain-age populations have been obtained from both detrital (Amiran, Agha Jari and Bakhtyari Formations) and in situ bedrock samples. Although some of these ages may record partial annealing, they provide insights in distinct cooling/denudation events that occurred in the inner zones of the NW Zagros. These are (1) pre-middle Jurassic ( $171, $225 Ma); (2) early^late Cretaceous ( $91 Ma); (3) Maastrichtian ( $66 Ma); (4) middle^late Eocene ( $38 Ma); and (5) late Oligocene^early Miocene ( $22 Ma).
The oldest (pre-middle Jurassic and early^late Cretaceous) AFTages must be sourced from slices scratched from the outer Arabian margin and from the obducted oceanic radiolaritic^ophiolitic complex, respectively. Late Cretaceous AFTages may correspond to partially reset older cooling ages or to the stacking of thrust sheets on top of the Arabian margin, which rapidly subsided to create the Amiran basin that was ¢lled with the shallowing-upwards Amiran^Kashkan succession. This late Cretaceous^Paleocene event anticipated the Zagros collision sensu stricto.
The most representative AFTages from this study show a major cooling/denudation event encompassing middle and late Eocene times (45^35 Ma), which coincides with massive volcanic and magmatic episodes in the SanandajSirjan tectonic domain that have been attributed by several authors to potential Neo -Tethys slab break-o¡ beneath the Sanandaj-Sirjan block. Interestingly, this inferred major geodynamic event would have left little impact in the Zagros foreland, in which a protracted period of very slow or nondeposition occurred. This quiescent period for deposition and tectonics in the Zagros foreland basin was the consequence of the migration of compression towards the NE, along the front of the Sanandaj-Sirjan domain and its associated Gaveh Rud fore-arc basin.
The last determined cooling phase, in the late Oligocene^early Miocene ( $22 Ma), roughly corresponds to the onset of the second major phase of £exure after a protracted period of depositional and tectonic quiescence in the NE part of the Zagros foreland basin.This new period of £exure was characterized by the deposition of the thick Gachsaran and Agha Jari Formations. An early Miocene denudation event is in agreement with the ¢nal emergence of the area between Iran and Arabia as indicated by the closure of marine gateways along the Zagros foreland basin. During the Miocene and Pliocene, deformation propagated towards the foreland, completing the folding of the Zagros Fold Belt as well as the tightening of the di¡erent tectonic domains that existed between the Arabian and Iranian stable continental blocks.
The most recent tectonic pulses that led to the present Zagros Belt, despite their signi¢cance in the Zagros orogeny, are only recorded by the ¢nal (o10 Myr) cooling and exhumation phases inferred from thermal modelling of detrital apatites collected in the Amiran deposits. For this reason, lower closure-temperature thermochronology methods (e.g. apatite (U-Th)/He with closure temperature of $75 1C) must be used to recover the most recent cooling/exhumation record in the Zagros Belt. More extended thermochronology studies are moreover required to better investigate the significant Eocene tectonic and magmatic episode.
